Abstract. Water management in small Aboriginal settlements in remote Australia is typified by technology-driven approaches where knowledge, decision-making and responsibility reside with organisations and agencies outside the settlement. This conventional approach has been a disincentive to active involvement by residents in managing the hazards and risks of their own water supply, despite the apparent presence of knowledge and skills at the settlement level.
Introduction
The Desert Knowledge Cooperative Research Centre's (DKCRC) Remote Community Water Management Project sought to implement sustainable local management of water supplies in five small, remote Aboriginal settlements.
The project sought to extend decision-making about water supplies beyond government and support agencies to the settlement residents À the water consumers and supply managers themselves. This paper describes the step-wise approach that utilised a robust management system framework coupled with identifying and bolstering the water user's capacities to manage their own water supply.
An Aboriginal settlement is the physical cluster of dwellings that form an outstation or town. These small settlements are difficult to define but are generally understood as '. . . infrastructure nodes, on Aboriginal land inhabited by a usually related, and always mobile, Indigenous population' (Altman 2006) . There are a total of 1187 discrete Aboriginal and Torres Strait Islander settlements (ABS 2007) . The focus of this paper is local water management for the smaller settlements that are not included in structured essential service programs. Population size is the common means to classify or structure services, so as a rough guide, this study focused on those settlements with a population <50, of which there are 865 (ABS 2007) . Nearly 90% of these small settlements are considered very remote using the widely accepted accessibility/remoteness index of Australia (ARIA) classification. 'Very remote' is defined as having very little accessibility of goods, services and opportunities for social interaction (CDHAC 2001) and relates to 767 of the small settlements with a population <50 (ABS 2007) . A total population of 11237 Aboriginal people live in these small settlements (ABS 2007) .
During the 1980s and '90s there were significant investments in water infrastructure and treatment technologies across Australia in remote Aboriginal settlements (FDRC 1994; HREOC 2001 ). The delivery arrangement was similar to development undertaken elsewhere in the world from the 1950s to the '80s where the facilities were constructed without obligation to end users with little consideration for the responsibility of ongoing operations and maintenance (Black 1998; Fredriksen and Vissia 1998; FaCSIA 2007) . In the main, operations and maintenance for these water supplies remained the responsibility of regional support agencies that were funded via grants and programs by the Australian Government. Over time, this situation has dissolved the local capacity of settlement residents to assume agency beyond the simple operation of their water supply.
The small resource agencies have been challenged by the high costs stemming from poor economies of scale, poor support and service networks and limited information about varying strategies (including appropriate or low technology options) for securing water supplies. Consequently, there has been an increasing reliance on consultants or contractors to conduct essential service and maintenance tasks. This situation leaves the majority of the decision-making processes and information and data external to the community. Residents living in small settlements have been unable to access the key information needed to assume responsibility for planning or improving their water supply management in strategic ways and have had little capacity development or agency support to build self sufficiency in this area.
The Australian Drinking Water Guidelines (ADWG) (Australian Government 2004) incorporates a risk management approach to small water supplies. The project tested the applicability of the ADWG in five settlements. The settlements were characterised with low financial capital and varying levels of human capital. The risk management approach was linked to the sustainable livelihoods framework (DFID/ODI 2004; IDS 2006) to enhance available capital for sustainable outcomes.
The water supplies
At least 70% of Aboriginal settlements in Australia rely on groundwater (ABS 2007) . Nearly 90% of the small desert settlements rely heavily on groundwater bores that access shallow sand and fractured rock aquifers (Hostetler et al. 1998; Fitzgerald et al. 1999 ) (see Table 1 ). These small water supplies can provide a reliable and safe supply, if the bore and distribution system is secure, and the system is well managed.
In some instances, groundwater that is considered non-potable is supplemented with rainwater for drinking water purposes. This is becoming an increasing trend due to the recognition that supplementary sources may help water security, and to grant programs available from the Australian government that may fund new equipment.
The management system
The risk management approach to drinking water supplies has been well researched and developed in recent years (Deere et al. 2001; Australian Government 2004 Davison et al. 2004; WHO 2004; Ministry of Health 2005) . The approach for managing drinking water quality is well established in Australia. A flexible and proactive framework for optimising drinking water quality evolved over a period of time from 1997 to 2002 (Rizak et al. 2003; Naudebaum et al. 2004) . In December 2004 the National Health and Medical Research Council (NHMRC) and the Natural Resources Management Ministerial Council released the Australian Drinking Water Guidelines (ADWG), incorporating the Framework for the Management of Drinking Water Quality (Australian Government 2004) . The Framework outlines a preventative approach to managing risks associated with the supply of drinking water. It provides direction for the design and implementation of comprehensive quality management systems from catchment to tap.
The risk management approach includes guidance on a range of issues by documenting good practice for system management and the capacity to recognise and resolve problems (Rizak et al. 2003; Hrudey 2004 ). The approach is scientifically robust and endorses preventative management which is likely to reduce the long-term costs. The risk management approach is relevant to remote settlements because: (1) external response to poor water quality events is particularly slow due to difficulty in accessing laboratories, contractors, technical advice and parts; (2) health facilities are usually difficult to access so there is an increased risk of water borne illness; (3) regular inspection of water supply infrastructure is routine in small settlements simply for security of supply, so additional steps to protect water quality are not particularly onerous; and (4) the cost of incremental change to water supply systems to progressively target risk factors is more affordable than largescale installation of 'safe' water treatment and infrastructure. The adaptation of the Framework to small remote settlements required a greater emphasis on the preventive measures and a stronger focus on the consumers or residents as managers of the water supplies. The de-emphasis on water testing is an example of the modification of tasks. End product water testing is commonly assumed to be a primary task as it is a means to check quality assurance. It is not practicable, however, for remote settlements to implement a regular monitoring program (Cunliffe 2005) . The challenges are remoteness (which includes slow reaction times), complicated logistical organisation, and high transport and laboratory costs. Furthermore the focus on a 'testing first' and 'acting later' regime immediately removes decision-making from the local to external agents. A focus on reducing the risks and preventive monitoring enables the residents themselves to have more control of their water supply. It clearly places the responsibility with the local residents to carry out surveillance and make rectifications if a hazardous event occurs.
The adaptation of the Framework also required a broader focus than simply water quality, so that the plans could include water quantity and the purpose for which the water is used (Nicol 2000; WEDC 2002; Australian Government 2005) . The combination of the water risk-management approach with the sustainable livelihoods approach was explored as a means to utilise incentive for residents to continue to manage their water supply. In this context the sustainable livelihoods approach (see Davies et al. 2008 , this issue) was applied to determine the assets (e.g. social, physical, human, natural and financial) available to the community to realise a water management plan. Combining the risk management Framework with the components of the sustainable livelihoods framework enabled community members to understand potential water supply risks and how decisions made, or not made, about the supply could have direct impact on their livelihood aspirations. For example, residents recognised that a water supply without maintenance would eventually and inevitably breakdown. Decisions to learn the necessary skills and procedures to undertake preventive maintenance such as routine inspections were understood as important for enterprise or livelihood activities such as tourism ventures, horticulture and youth diversionary programs. In this sense application of the framework was effective for enabling local decision making for water management.
The project
The project utilised a building-on-strengths approach. Five settlements volunteered to participate in the project. Each settlement met the following criteria.
(1) A demonstrated range of livelihoods activities already being undertaken by residents and a clear vision of a purpose for the settlement into the future. (2) The primary responsibility for the operation and maintenance of their water supply. (3) A permanent population of~30 people.
All sites had a small-scale water supply with no treatment. One settlement was situated outside the desert region and had a surface water supply. All others were situated in the desert and sourced their water supply from groundwater.
At each settlement residents developed their own water management plan. The plans were created using participatory processes (Pretty et al. 1995) during meetings or workshops over the period of a year. The process involved four steps outlined in Fig. 1 .
During step one, information was gathered about the water quality, historical bore data and the infrastructure from on-site inspections, discussion with residents and relevant external agencies. A water management plan was created for each settlement using the Community Water Planner (CWP) recently produced by the NHMRC. The CWP is a tool to allow water supply managers to prepare a drinking water risk management plan (Australian Government 2005) . The CWP provided a template to discuss the objectives and procedures for a water management plan, and to identify hazard analysis and surveillance procedures, such as prioritising methods for catchment management, creating barriers to potential contamination and securing the integrity of the water supplies. Water system improvements were identified by residents and minor repairs were conducted during the community visits. There were up to three or four key participants, who had a keen interest in the water supply, from each settlement involved at this point of the project.
During step two, meetings with all residents were held where the water data were presented for discussion. Resources appropriate to the educational and literacy abilities of the participants were developed (Walsh and Mitchell 2002; Kral and Swab 2003) to share the information and supplement the CWP. The resources included water supply schematics, graphs showing water quality results compared with the ADWG and regional water quality data. During this phase, residents were able to set priorities to improve their water supply based on the best available information; discussions centred on the scientific evidence and the perceived risks to the consumers (both residents and visitors). The objective was for participants to understand the hazards and risks rather than simply base judgements about the safety of a water supply on the ADWG values. The graphs showing a comparison of the site's water quality compared to water quality in the region expanded the context À participants identified successful strategies on other similar settlements and discussed their merit and applicability. 
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The priorities were then assessed with the water needs based on the residents' livelihood aspirations. The participants' plans and assets were illustrated using the sustainable livelihoods framework which identifies five dimensions that determine the ability for users to respond to internal and external pressures, measure available assets (physical, human, financial, social and natural) and strategies for building or using the assets or capital to achieve desired outcomes. This assessment was applied specifically to the water supply and did not extend to broader community development enterprises or business strategies beyond the scope of the project.
The sustainable livelihoods analysis enabled project participants to identify, rank and analyse problems and opportunities, as they perceived them. There was an increase in number of participants from each settlement who became involved in the project during the second step. The decisionmaking process saw the numbers of participants dramatically increase, from~20 to over 80% of each settlement population. In settlements with a low population, up to six people were involved; in larger settlements, up to 20.
During step three, options were explored for securing each water supply to reduce hazards and risks which formed the basis of the management strategy. Management strategies were designed to complement the available assets identified using the sustainable livelihoods framework. In the case where the residents of a settlement had low financial assets for example, the management plan responded to enhance their human assets to assist the maintenance of their physical assets. In two settlements, information about the water supply infrastructure and charts depicting projected parts replacement were coupled with relevant training in technical skills such as fixing taps and repairing or replacing pipes. Residents were able to make small rectifications themselves instead of calling in a plumber, and were also able to plan to finance replacement of parts in the future. Capacity building initiatives were a primary component in developing every water management plan and this phase had high resident participation. In three settlements every resident participated in the project activities. In the other two settlements participation was also high. Naturally, some residents were unable to participate due to illness, other commitments or reluctance to participate so that others could have the opportunity to learn skills and assume responsibility in future. Participants were central to performing water system rectifications and creating their plan. This ensured that the water plan information was relevant and remained available to users. Their strategies included making manuals and posters, erecting signs or making log books to record management procedures.
The final step of enacting the plans was to define the role and responsibility of the settlement residents as the operators and managers of their water supply. The process included clarifying the basis of decisions and the circumstances under which different people should act. This involved negotiation of roles and responsibilities of residents with those of the relevant government agencies and institutions. This stage sequenced workshops and capacity building initiatives which were an important tool for change since these activities provided an interactive forum for developing ideas and challenging status quo arrangements (Hobley and Shields 2000) . In this phase, for example, young people and women who had acquired confidence and skills during stages two and three were able to take the initiative; they could assume responsibility and perform tasks that previously they had been unable to conduct.
Further development of the Australian Drinking Water Guidelines
A matrix of potential health risk informed the risk management approach. The approach was adapted to correlate with a scalebased format for decision-making and responsibility. The basic risk factor matrix for a water supply (Table 2) outlines the management requirements for the institutional level at which decision-making and responsibility resides. A rare and low risk event for a small settlement water supply, for example, would be cracks forming in the cement apron at the borehead. A moderate to major risk event may be the breakdown of a water treatment system or a dead animal found in the catchment area. A high likelihood risk with catastrophic consequences could be a seasonal cyclone damaging a septic tank and contaminating the water supply with high counts of pathogenic bacteria. In the case of small settlements, it would be anticipated that a risk to a small population would refer to the more vulnerable residents (such as small children and the elderly), whereas a risk to a large population would mean that all residents would potentially be at risk. The core element of the risk-based model develops clarity about the scale at which decisions are made and action is taken (Wand and Stafford Smith 2004) . At the local level, residents ought to make decisions on affordability and levels of service as well as maintenance plans and implementation. The local level responsibilities address the lower risk measures and identification of capacity development needs. At the regional scale, decisions and support include on-ground technical support for the moderate level events such as infrastructure breakdown, emergency responses that require rectification and investment in additional surveillance assistance and reporting processes. At the national scale, support and responsibility includes emergency responses and investment strategies for the maintenance of capacity building initiatives. Accountability and reporting processes at each scale are delineated.
The risk matrix provides a tangible and scientifically robust means for participants to accept responsibility for water supply management. It is a convincing approach since it is flexible to fit and stretch with the shifting or improving management capabilities of settlement residents. The matrix is also an option that endorses responsibility for those who are best able to bear risk. The principle which normally guides risk management activities is that those that are best able to identify and control risk should do so (Productivity Commission 2000) . An associated principle is that risk should be carried by those who are best able to bear the consequences.
A catalyst for change
The participatory process addressed concerns participants had about their water supply and established the level of understanding each settlement had about the infrastructure, water quality and quantity and how well they were matched to aspirations. The participants had already been responsible for their water supply and had a good understanding of the daily routine activities such as filling storage tanks and basic mechanical maintenance. The existing knowledge had developed informally over the years, as there had been no formal capacity building program or initiatives for the residents. However, it was established very early in the project that none of the case study settlements had much information available to them about water quality, quantity or management requirements. The paucity of water quantity and use information across all settlements has meant that the importance of managing for sustainability and assuming self sufficiency for low risk water management activities has been overlooked. Through accessing at least some information, residents have identified a need to monitor water use as a means to ensure their water supplies can be sustained into the future, thus, supporting the livelihoods activities and aspirations linked to their settlements.
The risk matrix is a transparent means which provides clear guidance to residents and essential service and water industry agencies about appropriate responsibility at each institutional scale. The Productivity Commission (2000) suggests that, 'informing the consumers of the nature of the risks involved in supplying safe drinking water may sometimes negate the need for undertaking large scale capital investment'. Evidence from the case studies suggests that, with an understanding of the risks, residents are able to make hard decisions that utilise their social and human capital to make the management plans work. In three of the case study settlements, before the information-sharing process, the residents considered desalination necessary to maintain their water system. After matching the water supply to the resident's needs and capabilities, during steps two and three À alternatives were sought. The residents considered their self reliance to be a strength and maintenance regimes were prioritised in the absence of opportunities for capital investment or subsidies and services provided by government.
Welfare programs have left a legacy of disempowerment at the settlement level, in what may be described as a disabling of initiative through the concentration of decision-making beyond the users or residents. For example, in two of the case study settlements, the human assets (that is, skills and knowledge) relating to the water supply were high, however the water supplies still needed improvements to function properly. Although it was feasible that the residents could have made the improvements themselves, adequate technical knowledge had not been available to them. The knowledge and information-sharing process during the project was a catalyst for participants to carry out many repairs and maintenance activities, usually in their own time and with their own money.
It is possible that the high social capital present in the case study settlements enabled the residents to participate and cooperate, which contributed to the implementation of the water management planning. The settlement residents shared characteristics À a relatively narrow economic base heavily reliant on primary production and government investment (Taylor 1989) , high resident mobility (Brown et al. 2008 , this issue) and strong leadership. In each of the case study settlements there was a core group of five residents who were present most of the time, with a degree of movement of some people both in and out of the settlement, sometimes for work or family caring responsibilities. All settlements had leaders who were active across a broad spectrum of activities and who were very much in demand.
Although there is debate about the definition of social capital (AIFS 2000; Stone and Hughes 2002) there is also some consensus that social capital is a concept that emphasises not only the structure of social relationships but also their quality (Hunter 2004) . Social capital can be defined broadly as 'networks of social relations which are characterised by norms of trust and reciprocity and which lead to mutually beneficial outcomes' (Bourdieu 1993; Coleman 1988 cited in Hunter 2004 .
Social capital can be classified into three types that reflect the mode of relationship -bonding, bridging, and linking (Woolcock and Narayan 2000; Johnson et al. 2005) . Hunter (2004) describes bonding social capital as relating to closed networks such as kin groups, bridging social capital involves overlapping networks and 'linking' social capital involves social relationships with those in authority or positions of power, which in this context would correspond to government agencies and institutional organisation.
As noted above, social capital was high in the case study settlements. Strong bonding social capital, that is, strong norms and trust based on long standing kin and familial relationships, supported involvement in the water management workshops as well early agreement among all residents as to who were the key people to follow the process through. Some bridging and linking social capital, that is involvement in broader networks and linkages into a range of agencies and service centres, was also evident, particularly that spearheaded by leaders engaging in activities external to the settlement. It would seem that the bonding social capital evidenced in these settlements provided the leverage for the commitment to develop the water management plans and the threshold of support that enabled the infiltration and enhancement of human capital À shifts and knowledge in water management processes now and into the future. The project process and knowledge exchange about levels of responsibility and decision making in relation to water supply systems, as well as sharing information about water supply issues and actions in other remote settlements, extended the bridging networks available to settlement residents. The networking was further facilitated by the project when participants from all settlements came together to discuss issues and share their experiences of developing their own water management strategies. The participation of representatives from governments and agencies involved in service delivery for remote settlements in the workshops also enhanced linking social capital. These sessions supported the development of mutual understanding about water supply management approaches and the importance of aligning external supports and interventions to risk management.
The presence of significant social capital may also broaden the range of policy options open to government (Productivity Commission 2003) . It may be effective, for example, to harness and enhance social capital, and motivate human capital development in ways that facilitate and support local and responsive water management. This approach may provide a reliable and stable lateral regional network of residents that engage in water supply management activities with structured external support. This would be a significant improvement to the current reliance on agency services where decision-making is generally not based on a structured on-site hazard analysis and risk assessment. Currently local capacity and action often falters due to high staff turnover in such agencies or the tendency to outsource rectifications to an intermittent mix of contractors.
Change principles
There has been significant progress in developing a risk management model and process to develop local water management for small settlements. As a change process, there have been critical factors that have supported the transformation.
There was a deliberate focus on succession planning by the key people or leaders in each of the settlements. This was evident during the planning process when young people were encouraged to participate in the planning process, engage in capacity building activities and assume appropriate levels of responsibility. Participants articulated feeling pride in being 'strong' about water and recounted stories of identifying hazards and providing risk management guidance to residents in nearby settlements on their water supplies. Social networks are crucially important to Aboriginal people living in remote localities. At a regional level, social capital may play an important role in extension, since most Aboriginal people move in and around a region that is defined by kin ties (Memmott et al. 2006) . Clearly, this presents an opportunity to harness social capital as a vehicle for extending water management to other small settlements within the region. In adapting the process, building on existing social capital may also stimulate latent social capital, for example 'linking' social capital, thus supporting more effective policy design and implementation (Productivity Commission 2003) .
Fundamental to lasting change is an incentive for change or a sense of urgency (Kotter 1995) . Initially, the project sought to strengthen small settlement sustainability particularly in the absence of a coordinated and robust program. The recent changes in Indigenous affairs policy certainly created a sense of urgency that was felt by participants and escalated throughout the project (FaCSIA 2007).
Conclusion
The project found that, despite apparent knowledge and skills present at the settlement level, the conventional approach to water supply programs has been a disincentive to active involvement by residents to undertake management activities for their own water supply. The project sought to enhance the applicability of the risk management approach embedded in the ADWG by incorporating an explicit analysis of the assets available to settlement residents and the livelihood aspirations enacted or envisioned. This matching of the ADWG and the sustainable livelihoods framework provided a schema that enabledresidents tounderstand the components of their water supply and how to manage it to rectify hazards and reduce risk; it also enabled them to recognise the need and motivation to undertake such tasks as being integral to developing the human and other assets of their settlement to realise their livelihood aspirations. The alignment of risk management principles with considerations of building settlement assets to ensure sustainability into the future (of both water and place) also facilitated proactive engagement with the changing policy landscape in relation to small remote settlements and the ongoing failure of externally driven water service provision.
Participants moved quickly through complaints about lack of service or not enough funding to discussing and implementing what they could do themselves and how they could build their human, financial and physical assets in order to develop self reliance. The development of greater self reliance and strategic external supports based on their own water management plans was seen as critical given the current policy environment and the commitment to sustaining their settlement and livelihood aspirations. The step-wise approach, which included capacity building and knowledge sharing about the water supply and the opportunity to broaden networks and engage in dialogue with other small settlement residents and representatives from external agencies, assisted to consolidate the development of effective local water management plans and clear strategies for accessing additional supports when needed.
The management planning process increased the likelihood of sustainability since each water supply was secured and responsibility had been assumed by residents. Although this is a significant achievement in itself for the participants, 12 months after completion of the project, evidence from three settlements indicate that residents continue to actively manage their supplies À including additional rectifications and system improvements, on-site water testing and regular surveillance. (The other two settlements may also be managing their water supplies but there had not been contact at the time of publication to confirm it.)
The sustainability of water supply management at the settlement level calls for the integration of reliable and clearly-defined support networks as well as Aboriginal settlement livelihood aspirations within the institutions of policy and practice. The change necessary for small settlements to implement water risk management strategies is the recognition by essential service agencies and institutions that Aboriginal residents, from settlements with similar attributes as those involved in the project, are able to recognise their own capabilities and make and act on their own informed choices.
All settlement participants selected strategies that were low maintenance and optimised existing assets. Their emphasis was to secure their existing system and stay self reliant using local skills. Many skills at the local level had been either unnoticed or unrecognised by agencies and, in all but one community, had definitely been untapped. Participants recognised that their future on country was directly related to their willingness or ability to re-assume responsibility for aspects of their settlement infrastructure and service provision that had been steadily removed over time. In addition, participants readily recognised that the key to the sustainability of their livelihoods was the activation of local knowledge, skills and leadership coupled with improved and clarified relations with service providers and government agencies. The challenge remains, however, particularly in these times of volatile policy and belated recognition of environmental imperatives, that institutions must be willing and able to make adjustments to devolve responsibility in practice.
